Abstract Food insecurity is defined as limited or uncertain ability to acquire nutritionally adequate and safe foods in socially acceptable ways. The United States Department of Agriculture (USDA) has divided food insecurity into two categories: low food security and very low food security. Low food security is characterized by irregular access to food, binge eating when food is available, overconsumption of energy-dense foods, obesity, and even type 2 diabetes. This type of food insecurity occurs in impoverished urban areas of high-income countries such as the United States. In contrast, very low food security is distinctly different from low food security and can lead to undernutrition and frank starvation. Very low food security is found in developing countries in both rural areas and urban slums. In these countries, food insecurity is often exacerbated by natural disasters and climate changes that compromise food availability. With a focus on the social, economic, and behavioral factors that promote obesity and cardiometabolic disease in food insecure households in the United States, this review will first define the key terms and concepts associated with food insecurity. Then, the characteristics of food insecure households and the relationship to cardiometabolic disease will be discussed. Finally, the cardiac consequences of food insecurity in developing countries will be briefly described.
Introduction
Cardiometabolic disease is defined by a cluster of risk factors that promote the development of type 2 diabetes and cardiovascular disease [1] . These risk factors are central obesity, insulin resistance, hyperglycemia, dyslipidemia, and hypertension. Since food insecurity is strongly associated with these risk factors, food insecurity is a risk factor for cardiometabolic disease. Food insecurity is defined as "limited or uncertain ability to acquire nutritionally adequate and safe foods in socially acceptable ways" [2] .
Food insecurity occurs in both wealthy countries and developing nations. A consequence of food insecurity is malnutrition, defined as inadequate nutritional status caused by an unbalanced diet, malabsorption, and underconsumption or overconsumption of calories (Fig. 1) . In low-income countries, food insecurity is associated with undernutrition and starvation [3, 4] . Undernutrition is a type of malnutrition characterized by a severe underconsumption of essential nutrients leading to poor nutritional status and increasing the risk of nutritional diseases such as marasmus and kwashiorkor. An undernourished person who experiences hunger for a prolonged period of time can also suffer from starvation, a form of undernutrition. Wasting, stunting, and underweight from starvation can also cause abnormalities in heart muscle, heart rhythm, and ultimately congestive heart failure [5] .
In contrast, food insecurity in affluent countries has been linked to a different less obvious type of malnutrition, specifically overnutrition. Overnutrition occurs when there is a severe overconsumption of nutrients [6] . Obesity is the most recognized form of overnutrition and is characterized by increased caloric intake and excessive accumulation and storage of fat. The impact of food insecurity on overnutrition and cardiometabolic disease is greater in women than men. Furthermore, when food insecurity occurs during pregnancy there can be long-term consequences for the mother and child. Epidemiologists, social scientists, and medical researchers have come to realize that food insecurity and unhealthy dietary patterns, lead to obesity, cardiovascular disease (CVD), and type 2 diabetes.
Food Insecurity in the United States
In response to the National Nutrition Monitoring and Related Research Act of 1990, the United States Department of Agriculture (USDA) and United States Department of Health and Human Services created a measurement tool to assess food insecurity, specifically the United States Household Food Security Survey Module. Since 1995, food insecurity data in the United States has been collected by the Economic Research Service (ERS) of USDA. As of 2006, the USDA divided food insecurity into two categories: low food security and very low food security (Table 1 ). In the United States, low food security is more common than very low food security. Low food security most often occurs in rural areas and low-income urban neighborhoods [7••] . People with low food security are more likely to be overweight and obese due to the decreased intake of fruits, vegetables, and fiber and increased intake of energy-dense foods, including foods rich in fat and sugar [8••, 9] . In the United States, very low food security occurs less often than low food security. Altogether, the prevalence in the United States of low and very low food security is 9.1 % and 5.4 %, respectively [10] .
In the first decade of the 21 st century, the prevalence of food insecure households in the United States markedly increased from 10.1 % in 1999 to 14.7 % in 2009 [10] . Unemployment and rising food costs were two factors that contributed to this [10, 17] . Food insecure households are characterized by low education levels, physical inactivity, and a high risk for obesity (Fig. 2) [18••, 19•, 20] . This risk is often exacerbated by behavioral and lifestyle factors such as skipping meals, binge eating when food is available, and an overall unhealthy dietary pattern. As energy-dense foods are often less expensive than healthier foods such as fruits, vegetables, and whole-grain foods, heads of low-income households often purchase food of poor nutritional quality [7••, 8••, 13] . However, cost is not the only factor. Low-income consumers may choose to buy food outside the house because they live in housing with inadequate kitchens. Another factor influencing the food choices of low-income individuals is the palatability of energy-dense foods [20, 21] . Overall, the absence of health education combined with physical inactivity and the consumption of readily accessible, highly palatable foods rich in fat and sugar can lead to weight gain and obesity related diseases (Fig. 2) .
The environment surrounding food insecure households also plays a key role in cardiometabolic disease risk. Food insecure households often lack neighborhood grocery stores. In fact, many low-income neighborhoods are in food deserts, which are residential areas located more than 1 mile from an affordable grocery store. Larson et al. [22••] has reported that local access to food has a major impact on the food choices of residents. Specifically, low-income neighborhoods have a paucity of supermarkets and higher density of fast-food restaurants and corner stores that sell calorierich foods. In contrast, wealthy neighborhoods have many supermarkets with healthy food options and less obesity [19•, 23, 24] . However, other investigators report no association between obesity risk and the fast-food availability in low-income neighborhoods [7••, 25 ]. Yet, in support of Larson et al. [22••] , intervention studies have shown that either opening new grocery stores or changing the food options available in the corner store positively impacts food choices [26, 27] . Under these new circumstances, lowincome customers increase their fruit and vegetable consumption [26] . Overall, increased health literacy combined with improved supermarket access, enhanced neighborhood safety, and more exercise facilities leads to less obesityrelated health disparities.
Diabetes is a major health problem in the United States. Food insecurity may contribute to the high prevalence of type 2 diabetes in low-income areas [28-31••]. In addition, diabetic patients who experience food insecurity have worse glycemic control than their food secure counterparts [29, 30] . Diabetes control in food insecure individuals is often made more difficult by concomitant obesity, insulin resistance, physical inactivity, and high intake of refined grains and sugar. Furthermore, low educational attainment, which is common in food insecure households, is highly correlated with poor adherence to diabetes treatment and control [29, 31••] .
Smoking is on the decline in the United States. However, smoking is common in low-income, food insecure households. Smoking is strongly associated with poverty and a lack of higher education [13, 18••, 32, 33•] . The prevalence of tobacco use is 28.9 % among adults living under the federal poverty guidelines compared to 18.3 % for those who live above the federal poverty guidelines [34] . Lowincome smokers may have less money available to buy food because they are spending income on the purchase of cigarettes. Consequently, low-income smokers are more likely to purchase inexpensive, obesogenic foods. Overall, due to the combined effect of unhealthy dietary patterns and the potentiating effect of smoking on the development of arterial plaques [35] , food insecure smokers are at great risk of cardiometabolic disease. Food insecurity is not associated with obesity in men, but food insecurity promotes obesity in women and adolescents [36] [37] [38] . However, for children the association between obesity and food insecurity is less clear [39] . Based on participation in the Supplemental Nutrition Assistance Program (SNAP), women who receive food stamps are more likely to be overweight and centrally obese than food secure women [40] . Yet, an association between SNAP participation and obesity in children has not been found [41] . It is possible that mothers eat less nourishing, less expensive food in order to maintain safe and adequate nutrition for their children [16•, 42] . Nonetheless, the relationship between obesity and the use of food stamps is complicated. Families receiving food stamps often consume their monthly allotment in less than 30 days. This reality may lead to binge eating behavior when food is available [43] . In addition, when food is scarce, low-income households may increase their reliance on inexpensive, energy-dense foods.
When addressing women's health, the impact of pregnancy must be considered. Food insecurity during pregnancy increases the risk of both weight gain and gestational diabetes mellitus [44] . Pregnant women with gestational diabetes need long-term follow up and early intervention in order to ameliorate the risk of subsequently developing type 2 diabetes and cardiovascular disease [45] . Furthermore, if mothers have either gestational diabetes mellitus or type 1 diabetes during pregnancy, their offspring are at higher risk to develop pre-diabetes or type 2 diabetes as adults [46] . A longitudinal study conducted in Canadian food insecure households reported that infants born with either lower or higher weight than expected were more likely to develop childhood obesity than infants of normal birth weight [47] . Therefore, food insecure pregnant women are at enhanced risk for gestational diabetes and their children are at greater risk for childhood obesity and type 2 diabetes.
Independent of the effect of the in utero environment, food insecurity during childhood can also affect the development and overall health of children. Food insecure youth may experience delayed growth, depression, psychological problems, and poor academic performance [13, 43] . A particularly vulnerable group is immigrant children. Immigrant households are more likely to be food insecure than households with US-born mothers. Furthermore, both food insecurity rates and childhood obesity rates are higher among minority groups.
Although the direct association between food insecurity and high body mass index (BMI) among children and adolescents has been extensively investigated, the relationship is stronger in adolescents than children [33•] . Nonetheless, it is generally believed that children in food insecure households are at risk for the subsequent development of obesity as adolescents. Hence, obesity in both children and adolescents has become a national problem [48] . In the past 30 years, the prevalence of obesity increased from 7 % to 20 % for children between the ages of 6 and 11, and 5 % to 18 % for youth between the ages of 12 and 19 years [49, 50] . Therefore, risk factors for cardiovascular disease that are common in adults, such as dyslipidemia, hypertension, and impaired glucose tolerance, are now present in obese children and adolescents [51] [52] [53] .
Food Insecurity in the Developing World
In developing nations, food insecurity is an enormous, multifaceted complex problem. It is estimated that the number of undernourished people in the world in 2010 was 925 million [54] . The regions of the world with the highest rates of undernourishment are in the Asia-Pacific rim and subSaharan Africa. Both low and very low food insecurity have to be considered.
Low food security is found in newly industrialized countries where socioeconomic and demographic changes have promoted economic growth and internal migration from rural to urban areas [9] . Low food insecurity is characteristic of disadvantaged, low-income, urban neighborhoods and slums. In contrast, very low food security is a more common situation in less industrialized countries where food availability is directly tied to agricultural conditions. In these countries, food shortages may be precipitated by natural disasters, climate change, and humaninduced disasters including war [54, 55] .
Underweight, stunting, and wasting are some of the health consequences of prolonged hunger and undernutrition [3] . Moreover, severely malnourished people are at high risk of cardiac complications. Clinical signs of undernourishment related to poor heart health include bradycardia, low blood pressure, and decreased blood volume. In addition, extreme protein deficiency can significantly weaken the heart by reducing the myocardial muscle mass and overall cardiac size. Myocardial atrophy is highly associated with sudden and otherwise unexplained death [5] .
Conclusions
Food insecurity is a worldwide problem that can lead not only to malnutrition, but also to obesity and the development of cardiometabolic disease. In affluent countries such as the United States, low food security is contributing to the high prevalence of obesity, cardiovascular disease, and diabetes. To reverse food insecurity, food deserts have to be eliminated and effective public health policies instituted to increase the opportunity for healthy eating and a healthy, physically active lifestyle. In developing countries where very low food security is common, political, social, environmental, and economic conditions have to be stabilized, and then distinct cardiac implications and other conditions related to undernourishment can be addressed. With each country working within its borders and simultaneously contributing to international efforts, the elimination of food insecurity should be an achievable 21 st century goal.
